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The invention is described in the following statement: 



1 



16 



1* 

Reductive Ammonhcal leachlnn nf Ntetoi ^ m^ft^ 

The invention provides an imp^ ^ d^,^ of ^ ^ ^ 

materia,s in ammontoCfll '»«Wne systems by tte addition of reducing aoe m» 
M«* speoM^ly. * deccdbes en enhanced mahod of leaching a m,^ 
cot** hydroxy precipitate In arnrnonlMinmonlun, carbonate sohrton, with 
*e^d*on of a nickel, cobalt or nfckel/oobaft sulphide or hydroxyzine a3 , 

Mi«d impure nietaltooba. oaAona.ee or hydroxides a* oft™ p^^ M 
Interned**, products, a. a etep in ma extraction ofnWceland cobalt n*. 

ZL- "T' ,n9dteteS *" tea °»' ad ' whe™ po«,bte to 

anpurfttes. and the resulting solutions treated In a .arte* of aepentfon 
^seatep^^^^^^^ ammon 

sotuBorai us well known and Is m use commercially. 

ra^T IT" 9 " **»°*>° F»«Wtete produced tan, 

~. «d leachh, of latente « . deacrtbed by Steanona at + . 
Radian Patent no. 61BB26. „here the mixed hy*^ ^ ^ 

"**** d j n a "" n ° n,um h > drexl *- «■"■-» «rbonate or atamonJum 
sulphate alone or In combination. 

The process deveteped tor the Cawae Nickel pmjecl in Western Australia was 
In - paper Planted a. me Proceedings of the nictate** 97 
Wentettent. Symposium. ,987, Canada. The paper de^ribes the prooeea to 

TTJT "* "** *»"** - »y pressure add taaehhg and 
descrtbea the redissrfution of the ntehe) artd cobalt hydroxides reduced a, an 

The u» of ranmontacal solutions tor teaching the mto d nieKelfeoball 
and cobalt leaving behind Impurara, each as Iron, mangane^ and 
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magnesium. However it has the disadvantage that St doss not extract all the 
nickel and cobalt from the hydroxide*, leaving behind a residue that is rich in 
the two metals. 

This does not constitute a major problem on a ptant site where the ore Is 
Pfoceased completely through to the final nickel and cobalt refined products in 
one location, as the nickel and cobalt rich residue from the releach step can be 
recycled to the initial ore treatment step to recover most of the metal values. An 
example of this is in commercial operation In Australia, where the high nickel 
and cobalt content residue from an inefficient leach of a mixed nickel/cobalt 
hydroxide in an ammonia ammonium carbonate solution is recycled to the 
primary leach stage to achieve an acceptable metal recovery efficiency. 

However, mixed impure nickel/cobalt hydroxides may be shipped as 
concentrated intermediates for processing at another site, without faculties for 
recycling the residue. The mixed nickel and cobalt hydroxides also exhibit a 
tendency to -age" during the transport process caused by oxidation of the Co** 
to Co 3 *, increasing the difficulty of dissolution, and increasing the amount of 
nickel and cobaft left in the leach residue. The Incomplete dissolution of nickel 
and cobaft m the ammonlacal solution in these situations then necessitates a 
further expensive treatment step, or results In a loss of valuable product. 

The use of reductase to enhance metal recovery in ammonlacal teaching 
systems is reported in the Hterature and various schemes have been proposed 
to recover metal values (principally nickel, cobalt and copper) from manganese 
oxide ocean nodules. 



Steemson in a paper presented at the Alta nickel conference^ 999) in Perth 
described the application of reductive leaching, using sulphur dioxide, for the 
30 recovery of nickel and cobalt from a mixed hydroxide in an 
ammonia/ammonium sulphate medium, as part off the Ramu project. 

The prior art processes do not provide for a complete and economical recovery 
of nickel and cobaft from a mixed nickei/cobaJt hydroxide. 
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Furthermore the Inventors have identified tun different ageing mechanisms 
operating when crude mixed nickel/cobalt hydroxides are stored for extended 
periods. The firet ageing process is oxidative and primarily affects cobalt 
S redissotufion and is largely overcome by the use of a reductent in Hie 
ammontacal leach liquor. The second 'ageing- mechanism affects the nickel 
and appears to be associated with co-precipitated magnesium compounds. 
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An Improvement on the prior art would therefore be to achieve a more complete 
dissolution and hence recovery of nickel and cobalt from a nickel/cobalt 
hydroxide during the leeching process in an ammonia ammonium carbonate 
solution, overcoming any aging effects of the material, while minimizing 
releaching of impurities, and minimising reagent costs. It is a desired feature of 
the present Invention to provide a process mat achieves Improvements In the 
16 recovery of nickel and/or cobalt from nickel andror cobalt hydroxide and remains 
commercially economic. 

The discussion of the background to the invention herein Is included to explain 
the context of the invention. This is not to be token as an admission that any of 
20 the material referred to was published, known or part of toe common general 
knowledge in Australia as at the priority date of any of the claims. 

Throughout the description and claims of the specification the word "comprise' 
and variations of the word, such as "comprising" and "comprises", is not 
25 intended to exclude other additives, components, integers or stops. 

Summary of the invention. 



The present invention resides In a method of leaching nickel and cobalt from a 
mixed nickel/cobalt hydroxide material in an ammonia ammonium carbonate 
solution together with a reductent. The reductent is preferably selected from 

hydroxylamtoe, nictel sulphide, cobalt sulphide or a mixed nickettoobalt 
sulphide. 
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The hydroxide material in the process wtl generally be an intermediate mixed 
nfcketfcobalt hydroxide produced in a nickel and cobalt recovery process, 
however the hydroxide material may equally be a nickel or cobalt hydroxide 
product. Whereas the process of the Invention has been described with 
5 reference to the recovery of nickel and cobalt from a mixed nickeVcobalt 
hydroxide, the process Is equally as applicable to the recovery of nickel from a 
nickel hydroxide or cobalt from a cobalt hydroxide product. 

In one embodiment, the present invention resides in a process for the recovery 
10 of nickel and/or cobalt from a mixed nickel/cobalt hydroxide material Including 
the steps of: 

a) providing a mixed nickel/cobalt hydroxide material: and 

b) contacting the hydroxide material with an ammonia ammonium carbonate 
leach solution and a reduetant In a nickel and/or cobalt teach step. 

15 

This embodiment generally consists of contacting the hydroxide material with an 
ammonia ammonium carbonate teach solution and a reductent. Preferably, air 
or an oxygen containing gas is injected into the mixture, and toe mixture Is then 
agitated. The reaction mixture Is preferably heated to a temperature of between 
20 30 to 90°c and takes place at atmospheric pressures. 

The mixture is agitated for a residence time of between 30 minutes and twelve 
hours. 

25 Following agitation, the residue (containing undisolved nickel, cobalt, 
magnesium and manganese hydroxides) is separated from the nickel/cobalt 
ammine solution (the product solution). 

The ammonia ammonium carbonate teach solution preferably comprises from 
30 about 8 to 12% by weight ammonia, about 4 to 8% by weight cartoon dioxide, 
and low levels of dissolved nickel and cobalt, for example, 0.5 to 1.5 % by 
weight nicker arid 0.02 to 0.2 % by weight cobalt. The ammonia ammonium 
carbonate leach solution may be the product liquor of a nickel and cobalt 
solution produced in a Caron process plant, where a reduced nickel laterite is 
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ieacned in an ammonia ammonium carbonate solution, ft is for this reason that 
the ammonia ammonium carbonate leach solution win generally contain some 
nickel and/or cobalt in solution, 

5 the preferred reductant Is a mixed nickeVcobalt sulphide which can be 
produced as part of the reaction process. Preferably, a portion of the 
arnmoniacai ammonium carbonate leach solution from a Caron type process 
containing some nickel and cobalt (that Is the product, liquor from leaching a 
reduced laterite ore with an ammonia ammonium carbonate solution) is treated 

10 with ammonium hydrosulphide or sodium hydnosulphkJe to produce a solid 
precipitate of mixed nicked/cobalt sulphide. This, mixed nickel/cobalt sulphide is 
then used as the reductant together with ammonia arnmoniacai carbonate leach 
solution to leach the nickel/cobalt hydroxide in accordance with the process of 
the present invention. Alternatively nickel sulphide or cobalt sulphide may be 

16 produced rather than a mixed nickel/cobalt sulphide, depending on the nickel 
and cobalt levels in the ammonium solution. 

The process may include further leach steps to improve the recovery of the 
nickel and cobalt wherein at least one leach step is conducted with a 
20 combination of the ammonia ammonium carbonate leach solution and a 
reductant 

Accordingly. In a further embodiment, the present invention resides in a process 
for the recovery of nickel and/or cobalt from a mixed nickeVcobalt hydroxide 
26 material including the steps of: 

a} providing a mixed nickeVcobalt hydroxide material; 

b> contacting the hydroxide material with an ammonia ammonium carbonate 

leach solution in a primary leach step; 

c) separating the residue of the primary leach step from the product solution; 
30 and 

d) contacting the residue with farther ammonia ammonium carbonate leach 
solution and a reductant in a secondary leach step. 
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The residue of the primary teach step may still contain Sonne nickel end cobalt 
In order to achieve an improvement in the nickel or cobalt recovery, in this two 
stage leach process, the residue from the primary leach step Is releached in a 
secondary leach step, (his lime with the addition of a mductent to the leach 
solution. The residue of the secondary leach step is then separated from the 
secondary product solution, containing the dissolved nickel and cobalt, and the 
secondary product solution may then be returned and combined with the feed 
ammonia ammonium carbonate leach solution for toe primary leach step or sent 
for disposal. The enriched product solution is then sent for processing to 
separate and recover the nickel and cobalt. The residue may be returned to the 
ore roasting and leaching stage of the plant, or discarded. 

Alternatively, In yet a further embodiment, the residue may be subjected to a 
post reductive third leach step whereby the residue from the secondary leach 
step is subjected to prolonged contact with a strong ammonlacal ammonia 
carbonate solution. 

It has been found ihat better recovery of nickel and cobalt can be achiaved by 
subjecting the residue of the secondary (or reductfvejleach step to a soak with a 
strong ammonlacal ammonia carbonate solution. The preferred steps in the 
three stage leach process are as follows: 

1 - Contacting the mixed nickel/cobalt hydroxide with an ammonia ammonium 
carbonate solution in a pdmajy leach step. The ammonia ammonium carbonate 
solution may contain nickel and cobalt from previous leaching operations for 
example, the product liquor of a Caron process in the leaching of latent© ores. 
The mixture is then agitated with air or an oxygen containing gas injection; 

2, Separating the residue (containing undissolved nickel, cobalt, magnesium 
and manganese hydroxides) from the nickel/cobalt amrnine product solution; 

3. Contacting the residue from the primary teach step wHh ammonia 
ammonium carbonate solution and a reductant in a secondary or reductive 
leach step. The ammonia ammonium carbonate leach solution may contain 
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relatively k>w levels of dissolved nickel and cobalt. Ammonia ammonium 
carbonate leach eolation that has not been used in the leaching of latent© ore 
may be used In. this step, so there Is generally less nickel and cobalt present in 
this ammonia ammonium teach solution than in the primary |©ach step. Ths 
5 mixture is then agitated with air or an oxygen containing gas injection: and 

4. Separating the residue from the secondary leach from the resultant 
product solution and then returning the product solution to the primary leach 
stage by mixing the product solution with the feed ammonia ammonium leach 

10 carbonate leach solution. The residue from the secondary leach step is 
subjected to prolonged contact with strong ammoniacal ammonium carbonate 
liquor to further enhance me recovery of nickel and cobalt. The residue 
following this prolonged contact with the ammoniacal liquor is separated and 
discarded while the enriched product solution is sent for further processing to 

15 separate the cobalt and tire nickel. 



It Is possible, depending on the degree of "ageing" of the nickel/cobalt hydroxide 
feed, that the residue from the second teach stage will be small in mass and 
have little or no nickel and cobalt content and will not require a third leach 
stage. In this case the preferred leach process would have two (each stages, 
the second stage in the presence of the reductant. 



A preferred embodiment of the process of the invention regardless of the 
number of leach steps, is the use of a mixed nickel/cobalt sulphide or nickel 

25 sulphide or cobalt sulphide as the reductant. Most preferably, a mixed 
nicketfcobalt sulphide is used as the reductant. A mixed nickel/cobalt sulphide 
has the advantage that it can be produced simply from ammoniacal solutions 
used in nickel and cobalt leach processes by the addition of ammonium 
hydrosulphkJe or sodium hydrosulphide. The production of nickel sulphide, 

30 cobalt sulphide or a mixed nickel/cobalt sulphide depends on the nickel and/or 
cobalt content in the ammonia ammonium carbonate leach solutions. 

The product solution from leaching the hydroxide material as summarised 
above, or ammoniacal ammonia carbonate process Hquors such as those 
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available fn the Caron process are suitable for preparation of the mixed 
nickel/cobalt sulphide reductant fn this manner. 



Mixed nickel/cobalt sulphide is also significantly cheeper then hydroxytamrnine 
5 to use as a reductant and minimises the Introduction of additional chemicals to 
the leach process. 

Typically, the process of the present invention is useful in the nickel end cobalt 
recovery process where it is necessary to recover nickel and cobalt from 
10 reduced laterite ore by leaching In ammonia ammonium carbonate solution, 
such as the Canon process. It is contemplated that the process of the present 
invention may be integrated into such a process, where the metal values from a 
mixed nickel/cobalt hydroxide intermediate product are to be recovered into the 
process. 

15 

The process of the present Invention is also useful in the nickel and cobalt 
recovery process where It Is necessaiy to recover nickel and cobalt from an 
acfcf leach process from laterite ore. It Is contemplated that the process of the 
present Invention may be integrated into such a process, where nickel and 
20 cobalt are recovered as a mixed nickel/cobalt hydroxide product and 
redtssolved in ammonia ammonium carbonate solutions. In such a process, the 
improved recovery of metal values using the present invention will minimize the 
recycling of nickel and cobaft to the ore treatment section, reducing processing 
cost and improving operational efficiencies. 

25 

Oataied Description of the attached drawings 

A nickel and cobalt recovery process integrating the process of the present 
Invention is described by reference to Figure 1, which Is a flowsheet of the 
30 single stage leach and Figure 2 which is a flowsheet describing the two and 
three stage leach. Both flowsheets describe the use of a mixed nickel/cobalt 
sulphide as a reductant in the leaching process. 
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The process described in Figure 1 1llustrates the application of the single stage 
reductive leach to the Caron process. Reduced latent* nickel ore <1) is leached 
by an ammonia ammonium carbonate leach solution (2) In the ore leach plant to 
produce an ore leaching <3) and a product liquor (4). The product liquor is the 
ammonia ammonium carbonate leach solution of the process of the present 
Invention. The ammonia ammonium carbonate leach solution contains typical* 
8-16% ammonia, 4- 12% carbon dioxide, 0.5-1 .5% nickel and 0.02-0.2% cobalt. 

Aportion of the ammonia ammonium carbonate leach solution containing some 
nickel and cobalt, is heated with ammonium hydrosulphide (or sodium 
hydrosulphide) to produce a solid precipitate of mixed nickel/cobalt sulphide <5>. 
The mixed sulphide is added, together with the mixed nickel/cobalt hydroxide 
feed (7). and the ammonia ammonium carbonate leach solution, being a portion 
of the ore leach product liquor. The mixture is agitated, together with air or 
oxygen containing gas injection, for a residence time of between thirty minutes 
and twelve hours. 

The nickel and cobalt from both the mixed hydroxide and the mixed sulphide 
are leached Into the ammonia ammonium carbonate teach solution, together 
with some minor Impurities in the form of manganese, magnesium and iron from 
the mixed hydroxide. The enriched product liquor (25) is separated from the 
residue (8) and added to the remaining product liquor which proceeds for further 
processing to separate the nickel and cobalt (9) and extract them separately 
from solution. 

The enriched product liquor may have a nickel content of between 1 gram per 
litre and 30 gram per litre, depending on the nature of Hie downstream 
processing required. 



The leach residue fs rejected or recycled to the ore treatment section where it Is 
possible to do so. 



The process described in figure 2 Illustrates me application of the two or three 
stage reductive teach to the Caron process. In this process the major part of the 
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nickel and cobalt present in the mixed hydroxide is dissolved in a primary leach 
stage, leaving a smaller quantity of material for the secondary leech stage, 
which then requires a smaller quantity of the mixed sulphide reductant while still 
allowing a higher reductant ratio to the metaJs to be dissolved. The teach 
5 solution used in the second stage leach also contains very low levels of nickel 
and cobalt, further improving the dissolution process for the metals. 

Laterite nickel ore (10) is leached by an ammonia ammonium carbonate leach 
solution {11) In the ore leach plant to produce ore leaching (12) and a product 
10 liquor solution (13). The product liquor Is the ammonia ammonium carbonate 
leach solution of the process of the present Invention. The ammonia 
ammonium carbonate leach solution contains typically 8-16% ammonia, 4-12% 
carbon dioxide, 0-1.5 % Nickel and 0-0.2 % cobalt, preferably 0-1.0% nickel and 
0.01% cobalt. 

15 The mixed nickel/cobalt hydroxide feed (17), is added to a mixture of a portion 
of the product liquor solution (13) and the secondary leach product liquor (22) 
(when available) and agitated together in the primary leach stage for a 
residence time of between thirty minutes and twelve hours to obtain maximum 
dissolution of the nickel and cobalt values. 

20 

The residue from the primary leach stage (Id) is separated from the enriched 
product liquor (1 6) and passes to the secondary leach stage. 

A portion of the product fiquor ablution (13) Is treated with ammonium 
25 hydrosulphide (or sodium hydrosulphide) to produce a solid precipitate of mixed 
nickel and cobalt sulphide (14). This is transferred as the reductant (15) to the 
secondary leach stage where tt is mixed with the primary leach residue and a 
portion of the ammonia ammonium carbonate teach solution (11) that is used 
for ore leaching. This solution contains only trace values of nickel and cobalt, as 
30 It generally has not been used in the ore teaching step, which assists, together 
with the presence of the reductant, to obtain maximum dissolution of both nickel 
and cobalt. The mixture is aerated with air or oxygen containing gas during the 
secondary leaching stage, which has a residence time of thirty minutes to 
twelve hours. The remaining nickel and cobalt values are efficiently extracted In 
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fho secondary leach into ma secondary leach product liquor (22), which is 
separated from the secondary (each residue (21) and returned to the pnmarv 
teach. J 



The enriched product liquor (18) from the primary leach and the enriched 
product liquor (22) from the secondary teach, are added to the remaining 
product liquor (13) which proceeds for further processing to separate the nickel 
and cobalt (24) and extract them separately from solution. 

The enriched product liquor may have a nickel content of between 1 gram per 
litre and 30 gram per Hire, depending on the nature of the downstream 
processing required. 

The secondary leach residue Is either returned to the roasting and teaching 
stage of the plant, rejected or recycled to the th'rt leach stage as required, in 
the third leach stage, the residue te contacted in a soak of strong ammonlacal 
ammonia carbonate leach solution to recover further nickel and cobalt in a 
product liquor, which then proceeds for further processing to recover the nickel 
and cobalt The residue will generally be sent for disposal. 



The t«,„„ 0 o«m|flBs uemonsirare tne effectiveness of the Invention, 

25 Tests have been conducted with hvdroxyiamtee sulphate which is commonly 
used as a reducterrt, to illustrate the concept of reductive leaching m 
ammoniacal solutions. 

Table 1 shows the dissolution from a commercially produced mood 
N^eobelt hydroxide, in an ammonia-ammonium carbonate solution, wtth 
and without hydroxytemine sulphate addition. 



Table 1. Effect of Hydroxytemine Addition on Hydroxide Leaching 
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Feed Mixed 
Hydroxide 


Hydroxylamlne 
Leach Residue 


Control Leach 
Residue with no 
reductant 


Solids 

Composition 




%NI 


37,2 


2.2 


[16.3 


%Co 


3.8 


0.46 


2.9 


%Mn 


6.8 


35.5 


35.5 1 


Ni dissolution (%) 


99 


98 


! Co dissolution (%) 


98 


90 



Uxrviairt composition : 93 g/L NH 3 . 68 g/L COa 
Leach temperature : 30*C 
5 Leach time : 45 minutes 

Solids : equivalent to 10 g dry hydroxide (4 q <NI + Co) /5O0 mL fodviant 
Hydroxylamlne dosage : 4.50g of (NHaOHfe-HaSCVteet 



Table 2 shows the dissolution from a mixed Nickel cobalt hydroxide leach 
10 residue, after two prior stages of leaching in ammonia-ammonium carbonate 
liquors. 
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Table 2. Effect of Mydfoxytamfne addition on Releacfi of Hydroxide Leach 
Residue 





Food 


After 
iniyal 
teaches 


two 


Alter 

reductive 
re leach 


After 

control 
retoach wtth 












no 

reductant 


Lsdviant 




Caron 

product 

liquor, 

followed by 
ore loach 
solution 


Caron Ore 

leach 

solution 


Caron Ore 
leach 

soiutfon 


Loach Time 
(mln) 






180 


A on 

lift} 


Leach Temp 

(ret 






90 




scads composition 




•96 fit 


45.4 


7.32 


3.74 




%Co 


1.62 


0.97 


0.64 


0.77 




3.14 


12.9 


13.0 


13.7 


%Ma i 


3.00 


13.9 


13.9 


14,1 


[riawmental Dissolution 






95.6 j 


60.9 


35.4 * 


Co(%) 


82.4 


46.0 


27.8 


Mn(%) 


6.7 


0.3 


0.1 


(jumuJattve Dissolution . b 






96.6 


97.8 


97.2 


Coi%) 


62.4 


90.6 


87.3 


Mn<%i 


6,7 


7.0 


6.8 



LfaOviant composition : 155 gfL NH 3l 105 gfL CO* 
Leach time : 180 minutes 
Solids : 10% wAv (122 g residue (dry basi&ytest 
Hydraxytamine dosage : 56.2 of (NHzpHfe-HaSOVtest 



Table 1 demonstrates that the addition of hydroxyzine improved the Nickel 
and Cobalt dissolution from the mixed hydroxide. Table 2 demonstrates the 
applicability of the reductant addition to releachlng of mixed hydroxide leach 
residues. This offers an alternative to reprocessing of leach residues via the 
normal ore processing route. 
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Results from leaching testwork without reductant on the commercial sample 
Indicated that the dissolution of cobalt from the mixed hydroxide dedinad with 
age of the hydroxide, in agreement with teachability teste on other hydroxides 
, (known as the ageing effect). AddMon of reductant (hydroxylamlne sulphate) to 
6 the leach teat overcame the ageing effect. 

In the following example, a mixed nickel cobalt sulphide was produced by 
treating a typical 'QaroiV process product liquor with ammonium hydiosulphide 
for the leaching of either mixed nickel cobalt hydroxide In a single stage leach. 
0 or the residue from a previous ammonlacal leach of mixed hydroxide in the two 
stage leach. 

Three cases have been tested: 



1 - a single stage leach in Product Liquor with sulphide as a reductant, 

2. a primary teach in Product Liquor (without sulphide as a reductant, and no 
aeration), followed by a secondary leach of the first stage residue with the 
mixed sulphide as a reductant or 

3. a tertiary leach/soak in strong ammoniacal carbonate solution. 

In either the single stage leach with sulphide (case 1) t or the two stage leach 
with sulphide (case 2), the sulphide leach consisted of a 30 minute anaerobic 
loach, followed by an aerobic leach (the latter achieved by oxygen sparging at 
0.26 w oxygen at atmospheric pressure for 120 minutes, or pressurising with 
oxygen to 500 kPag for 30 minutes In a laboratory autoclave). 



The initial mixed hydroxide was from the commercial supply, and 6 -8 months 
oW at the time of testing. 
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Results are shown in Tables 3 and 4. 

Table** SlnQte Stage LeacMng of Mixed hydroxide with Mixed Stfiphlde 
reductant 



5 



Preeeur© 
Test 




OxvpAnftii 
No 

reductant 


mosphertc* 
rwatfctaiit 


SOOkPapC 
No 

reductant 


Jxvflen 
Reductant 


Mixed sulphide 
<%wto) (see 
note a. below) 




0 


0*12 


0 


0.12 ~~~ 


Mixed 

hydroxide 

f%w/w) 






2.9 


2.6 


2.8 


LixMant-Canon 
product 

liquor/one leach 
solution 












Anaerobic 
Leach {mini 




30 


30 


30 


30 


Aerobic Leach 
(mini 




120 


120 


30 


30 


Leach 

Temperature 

CO 




65 


65 


80 


80 


Solids 


Initial 
MHP 


Primaiy 
Residue 


Primary 
Residue 


Primary 
Residue 


Primary 
Residue 


Ni(%) 
Co (%> 
Mn <%) 

Total Dissolution 


38.8 
4.10 
6.91 


8.19 
3.07 
32.30 


2.49 
1.10 

32.08 f 


8.23 
2.73 

30.27 " 


2.12 
1.52 
32.5 


Nff%) 
Co(%) 

Dissolution from 1 

Nl(%) 

Co(%» 


MHP 


95.1 
62.9 

95.1 
82.9 


98.6 
95.4 

983 
94.1 


95.8 
87.1 

95.8 
97.1 


98.8 
92.6 

98.8 

90.6 > 



a. Reductant solids composition 17% Ni, 29% Co, 29% S. 
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Table 4. Second Stags Reductive Leaching of Primary Leech Residue with 
Mixed Sulphide 



Pressure 
Test 



Mixed 
sulphide 



Mixed 
Hydroxide 
(%w/w) 



Qe (atmospheric! 



Control-no 
reductant 



2.1 



Reductant 



0.44 



2.0 



500 kPag Cy 



Control-no 
reductant 



2.1 



Reductant 



03T 



2.0 



Llxlviant 



Anaerobic 
Leach (mm) 



Caron 
Product 

jjajjor 



Ore leach 
solution 



Ore leach 
solution 



Aerobic 
Leach fmin) 



Leach 
Temperature 



Solids 



30 



30 



120 



120 



65 



65 



Cot%> 



initial 
MHP 
Primary 
Residue 



8.66 



2.70 



Total Dtescjufon 



30.34 



Secondary 
Residue 



Residue 



7.37 



2.17 



1.02 



29.70 



1.02 



31.77 



Ore leach 
solution 



Ore leach 
solution 



30 



30 



30 



30 



80 



80 



Secondary 
Residue 



6.48 



2.29 



30.82 



Secondary 
Residue 



1.44 



0.62 



31,35 



NH%) 



Co(%) 



95.5 



88.7 



-5.7 



-9.6 



80.0 



■JgS. 1 "f I WW.. | 85.8 O.Q 

Dissolution f rom Mixed Hydroxide First sieg e Residue 



HM 



CoJ%) 



-5.7 



-9.6 



Cumulativ e Dissofunon from original Mixed hydroxide feed 

Ml (%) " """H*^ si "~ TTSr;"- < 



Co ftM 



86.7 



72.0 



54.6 



16.3 



6.3 



86.9 



02.4 



16,3 



6.3 



81.5 



75.7 



98.7 



94.6 



96.2 



87.5 



99.2 



96.8 



Original Mixed Hydroxide composition was as shown In Table 3. 



The results In Tables 3 and 4 indicate that the dissolution from either mixed 
hydroxide or primary leach residue was Improved by the addition of sulphide. 
Moreover, it was demonstrated that the high total recoveries from the hydroxide 
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(98 - 90% for Ni and 94% or better for Co) could be obtained by the use of a 
reductant Ordinariy, It would be expected that ageing effects on this hydroxide 
would have meant that the maximum Nickel and Cobalt dissolution* would have 
been about 96% and 90%, respectively, on material that was up to 3 months 
5 old. The same material, after six months, would probably have shown similar 
dissolutions as that observed after three months. 

The result in Table 5 shows the affect of the ternary laach having strong 
ammonium carbonate liquor to treat the residua from the two siege reductive 
10 leach. 



Tables 

Cumulative 
% Recovery 



Solids 


Ni Co 


Secondary residue 


97.6 85.2 


Ternary residue 


99.0 97.6 
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The process of the present Invention, which preferably includes either a 
primary, secondary or tertiary stage reductive leach to dissolve a mixed 
nicfcaVoobatt hydroxide precipitate in ammonlacal solutions, using 
20 hydroxylamlne or a mixed nickel cobalt sulphide as the reductant, has several 
advantages over the conventional oxidative leach process for the recovery of 
nickel and cobalt 

A particular advantage is that the recovery Into solution of nickel and cobalt is 
25 significantly higher using the reductive . leach process. This Is particularly 
important where the mixed hydroxide Is to be processed in a location remote 
from the original ore processing step, where the leach residue containing 
unrecovered nickel and cobalt therefore can not be reprocessed with the ore 
feed. It is also useful where the mixed hydroxide Is to be processed in situ, as 
30 the reductive leach minimises (he quantity of residue which may be recycled to 
ore processing, hence minimising process inefficiencies and costs. 



««MriiewiQ«0NirHOMaai«.ciAcii«> 
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A further advantage is that the mixed nickel cobalt sulphide used as ihe 
reductant is particularly easy to produce in the process, and Is amenable to re 
absorption Into the process, as it contains the two metals which are to be 
recovered. This is particularly useful where the process receiving the mixed 
hydroxide Is the Ceron ammonia ammonium carbonate process, where a mixed 
nickel cobalt sulphide is easily produced, typically by the addition of ammonium 
hydrosulphlde or sodium hydrosulphide to any of the process streams 
containing nickel and cobalt. 

A further advantage Is that Hie dissolution process eliminates the Impurities 
such as manganese, magnesium, and iron that may be present in the mixed 
hydroxide intermediate, as they are eliminated from the enriched product liquor 
solution. 

A further advantage, which is particularly useful In the Caron process, is that the 
production of the mixed nickel/cobalt sulphide reductant by treatment of a 
process stream from the ammonia ammonium carbonate leach circuit with 
ammonium hydrosulphkte. has the effect of depleting the cobalt content of the 
process stream, which improves the leaching of cobalt in the ore leach stage, 
and increases the overall cobalt recovery of the process. 

The above description is intended to be Illustrative of the preferred 
embodiments of the present invention. It should be understood by those skilled 
in the art that many variations or alterations may be made without departing 
from the spirit of the invention. 
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